Introduction {#sec1_1}
============

Patients with unilateral cortical brain damage in the area of the temporoparietal cortex often exhibit an attentional disorder called spatial neglect, manifested as perceptual-attentional or motor-intentional bias toward the contralateral side of space to the brain lesion, associated with functional deficits \[[@B1],[@B2]\]. Neglect in patients with unilateral brain damage is readily detected by a variety of standardized measures including line bisection \[[@B1]\]. Patients with probable Alzheimer\'s disease (pAD) have bilateral cortical degeneration. On average, neural degeneration in pAD progresses to involve bilateral cortical temporoparietal regions, critical to maintaining spatial attentional capacity \[[@B3]\]. Although patients with pAD rarely manifest robust spatial attentional bias or spatial neglect, they may manifest inattention, as well as more subtle spatial deficits.

Studies of naturally occurring asymmetries in healthy persons and effects of acquired brain injuries suggest that right hemisphere systems support significant spatial bias favoring the contralateral, left body space and left visual field \[[@B2]\]. Both healthy and brain-injured subjects may make errors on visual-spatial tasks such as line bisection, and these errors may entail different stages of spatial processing. Subjects may be relatively unaware of one side of the line, which we could term a failure of feedback-dependent perceptual-attentional 'where' systems. Healthy young subjects may primarily manifest leftward 'where' bias when bisecting lines in near and far space \[[@B4],[@B5],[@B6]\]. Subjects may also make errors due to asymmetry of motor-intentional 'aiming' systems (also termed action-intentional, premotor or exploratory bias) \[[@B4],[@B5],[@B7],[@B8],[@B9]\]. An 'aiming' system deficit may cause subjects to fail to act in or toward one side of space, or may cause preferential action in or toward the opposite hemi-space.

Alzheimer\'s disease is associated with parietal cortical degeneration \[[@B10],[@B11]\]. Although both parietal cortices are believed to be affected in this condition, loss of the right brain\'s critical support of leftward 'where' and 'aiming' orienting \[[@B12]\], and thus leftward bias, may decrease leftward spatial bias in subjects with this condition \[[@B2],[@B5],[@B10]\].

Considering bottom-up versus top-down attentional processes provides an important theoretical framework for analyzing the nature and extent of spatial dysfunction in patients with pAD. Top-down attention can be defined as goal directed, volitional control, such as active, conscious search for a target, whereas bottom-up attention is stimulus driven and may favor novel, external stimuli with ecological relevance. A patient with a focal subcortical lesion in the left medial thalamic region reported the alarming tendency, while driving, to veer towards people or objects on the right side of the road. Barrett et al. \[[@B13]\] tested this patient and demonstrated that in far extrapersonal space only, she showed significant horizontal spatial bias toward a distractor. People with pAD have difficulty with both top-down and bottom-up attention, but spatial aspects of bottom-up attention in pAD may be disrupted either randomly or systematically. If bottom-up attention is disrupted systematically, as it is in post-stroke spatial neglect, this may produce functionally important spatial bias. The specific pattern of sensory perceptual inattention and motor intentional asymmetry or bias in patients with pAD may be affected by factors stimulating bottom-up attention, such as an external distractor. Spatial errors with distraction, which are present in healthy as well as impaired subjects \[[@B4],[@B13]\], may increase with aging and dementia \[[@B14],[@B15],[@B16],[@B17],[@B18],[@B19],[@B20]\]. This bottom-up bias could impair driving and other tasks that require visual-motor control. Thus, addressing spatial bias affecting attention and action might improve daily functioning in people with Alzheimer\'s disease, but patients cannot receive intervention if deficits are not identified.

We previously reported spatial distraction in healthy controls as a primarily 'where' perceptual-attentional phenomenon \[[@B4]\]. As the dorsal 'where' visual system may be more affected by neurodegenerative Alzheimer\'s disease than are motor association systems \[[@B21],[@B22]\], a primary 'where' spatial bias on this task may be lost in people with pAD. Alternatively, an external distractor may provoke aberrant attentional orienting in those with pAD.

The research questions for this study were: (1) Do subjects with dementia and pAD make less leftward line bisection errors compared with age-matched controls?(2) Do subjects with dementia and pAD differ in their pattern of spatial perceptual-attentional 'where' versus motor intentional 'aiming' errors compared to controls?(3) Do subjects with dementia and pAD demonstrate a greater distraction effect than controls while bisecting lines in the presence of a distractor?

Materials and Method {#sec1_2}
====================

Subjects {#sec2_1}
--------

Six subjects with dementia and pAD by NINDS ARDA criteria \[[@B23]\] (3 women/3 men; 1 subject with co-occurring white matter disorder classified as mixed dementia) aged 49--74 years (mean age 70.1 years) participated in this study. The Mini-Mental State Exam (MMSE) \[[@B24]\] was administered. Scores ranged from 24 to 30 (mean score 27.5), indicating mild pAD as the greatest severity. There were 22 aged controls (11 women/11 men) aged 64--83 years (mean age 73.3 years). All subjects were right-handed by a handedness survey \[[@B25]\]. Control subjects had no history of neurological or psychiatric disorders, and pAD subjects had no other premorbid neurological or psychiatric diagnoses. Subjects gave their informed consent, and the study protocol was approved by the Institutional Review Board of the Pennsylvania State University, where the data was collected.

Procedure {#sec2_2}
---------

The procedure for this study has been previously published \[[@B4]\]. Subjects bisected lines by directing a Laserlyte laser pointer to a self-standing, non-glare, transparent acrylic workscreen, positioned on the floor (fig. [1](#F1){ref-type="fig"}). The workscreen held a white sheet of paper with a black horizontal line, 22.4 cm long and 0.3 cm in width, centered on it, and was positioned 55 cm in front of the subjects and 15 cm from the floor. A white sheet draped over the subject\'s lap blocked a direct view of the workscreen, but a Sony (DCR-TRV730) digital 8 camera positioned below the subject\'s seat projected the workscreen and laser pointer position to a Sony television monitor (viewscreen). The viewscreen was located either 55 cm away from the subject in near space (40 × 30 cm viewscreen), or 175 cm away from the subject in far space (123 × 92.5 cm viewscreen). In both cases, the projected line subtended a visual angle of 38.1° and appeared at eye level. A videonics MXPro digital video mixer-TBC horizontally mirror-reversed the projected image in half of the trials (indirect condition), such that the left side of the line appeared on the right side of the monitor and vice versa. In left- and right-distractor trials, a second experimenter stood immediately to the left or right side of the monitor as the subject bisected lines. The distractor\'s position was randomized. The distractor stood in a neutral position and did not interact with or cue the subject in any way.

Subjects sat with their midsagittal planes aligned with the horizontal center of the workscreen and monitor, and held the laser pointer with both hands. They bisected lines in a total of 96 trials, split into 4 blocks (near-natural, near-reversed, far-natural, and far-reversed), performed in pseudorandom order. Each block was further divided into 3 distractor condition sets (left-, right-, or no-distractor), also pseudorandomized. For each trial, subjects were instructed to begin by directing the pointer to either the left or the right upper corner of the workscreen. They then moved the pointer to bisect the line, and then indicated verbally when they were satisfied with the pointer location. In subsequent trials, they alternated starting in the right or left upper corner. In the natural condition, subjects' movements corresponded to what they saw on the viewscreen, but in the reversed conditions, moving the pointer to the right resulted in apparent leftward movement on the viewscreen, and moving the pointer to the left resulted in apparent rightward movement.

Measurement and Interpretation of Performance {#sec2_3}
---------------------------------------------

To score subject performance, a second camera, identical to the one above, recorded the line and the laser pointer position from the back of the workscreen, to which a metric ruler was affixed. Line bisection error from the veridical line center was measured to the nearest millimeter by an unbiased rater later viewing subjects' videotaped performance. Leftward errors were coded as negative, and rightward errors were coded as positive. Perceptual-attentional 'where' and motor-intentional 'aiming' bias were derived algebraically by comparing the natural (right-left congruent) and reversed (right-left incongruent) error conditions. We first assumed that when subjects bisected a line when feedback and performance was right-left aligned, errors reflected both 'where' and 'aiming' bias. This can be expressed algebraically as: Errors in the natural condition = where + aiming

We then assumed that when what subjects see is right-left reversed from their movements in the workspace, 'where' and perceptual attentional feedback shifts 180°, but feedback-forward, motor-intentional 'aiming' intentional movements do not. This can be expressed algebraically as: Errors in the reversed condition = aiming -- where

This experimental logic has been previously published \[[@B2],[@B4],[@B5]\]. A priori, we assumed that healthy controls would make leftward 'where' spatial errors especially under conditions of left distraction \[[@B4]\]. In order to determine whether the current data supported this assumption, we compared 'where' bias in controls under conditions of no distraction and left-sided distraction to perfect performance, using two-tailed, one-sample t tests.

We tested the three experimental hypotheses regarding pAD with an analysis of variance (ANOVA), including within-subject variables: condition (natural vs. reversed), and side of distraction (left, right, or none). Group (pAD or control) was the between-subjects factor. Post hoc paired comparisons are presented in the Results section.

Hypotheses {#sec2_4}
----------

1.  Based on our previous findings and an assumption of right-hemisphere spatial-attentional dominance, we hypothesized that controls would demonstrate primarily 'where' leftward spatial bias.

2.  We predicted that 'where' spatial bias would be decreased in subjects with dementia and pAD compared to controls, given hypothesized possible loss of right-brain 'where' spatial dominance.

3.  As above, we predicted that subjects with pAD would demonstrate altered distractibility with possible loss of left-side 'where' component of distraction errors.

Results {#sec1_3}
=======

To examine for differences in spatial bias and distractibility between subjects with dementia and healthy controls, we performed a 2 × 2 × 3 ANOVA. We identified a significant three-way, group-by-bias type-by-distraction side interaction (p = 0.007 with Greenhouse-Geisser correction).

In order to further assess the interaction, we examined the effects of distraction on leftward versus rightward distraction separately. We performed two 2 × 2 × 2 ANOVAs to examine differences between subjects with dementia and healthy controls in the presence of each distractor and the no-distractor conditions. Right-sided distraction showed no significant effect on either 'where' or 'aiming' bias in either group. However, left-sided distraction increased leftward bias in both subjects with dementia and controls, but 'where' and 'aiming' errors were differently affected by left distraction in the two groups. Whereas the leftward 'where' bias showed little change in the presence of a left-sided distractor (left distraction: −0.6 ± 2.76 mm; no distraction: −1.2 ± 3.18 mm; t = 1.39, d.f. = 5, p = 0.22, n.s.), a more notable change was observed for the 'aiming' bias, which was initially rightward in the pAD group. A baseline rightward 'aiming' bias was reduced in the direction of the left distractor for the pAD group (left distraction: 0.1 ± 1.48 mm; no distraction: 1.5 ± 1.74 mm; t = −2.64, d.f. = 5, p = 0.05). In controls, consistent with our hypothesis, we observed a trend for left distraction to increase leftward 'where' bias (left distraction: −1.4 ± 2.38 mm; no distraction: −0.8 ± 2.49 mm; t = −1.74, d.f. = 21, p = 0.096). See tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} and figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} for illustration.

We previously observed asymmetric distraction in healthy subjects and stroke survivors \[[@B4],[@B6]\]. Thus, to examine whether asymmetric distraction occurred in one group, but not in the other, and whether our a priori hypothesis of loss of left-sided distraction in subjects with dementia was supported, we performed post hoc pairwise comparisons. We examined distraction effects for the control subjects and subjects with dementia by comparing performance without distraction to performance with left- and right-distraction using two-tailed, paired-sample t tests. We performed separate 'where' and 'aiming' bias comparisons, since in our previous studies it appeared that distraction primarily affects 'where' errors \[[@B4]\]. We were particularly interested in whether a left-distractor effect, increasing leftward 'where' errors as compared with testing without distraction, would be present in controls but not in subjects with dementia.

Thus, it is possible that the three-way interaction between group, bias type, and distraction reflected a primary effect of left-sided distraction on 'where' bias in controls, whereas left-sided distraction primarily affected 'aiming' bias in subjects with dementia. Right-sided distraction exerted no significant effect on either 'where' or 'aiming' bias in controls or participants with dementia (all comparisons: p \> 0.24, n.s.).

Main effects of distraction (p = 0.15) and bias (p = 0.07) did not reach significance (table [1](#T1){ref-type="table"}; fig. [2](#F2){ref-type="fig"}).

Discussion {#sec1_4}
==========

Our a priori hypotheses were partly supported, but with important differences bearing further investigation. Although healthy controls did demonstrate leftward errors with left distraction, we only observed a trend toward leftward 'where' distraction when we compared left- and no-distraction conditions, which did not reach significance after correction for multiple comparisons. The small sample size could have also affected this. However, a highly significant three-way interaction between group, distraction side, and 'where'/'aiming' bias type suggested that distraction affects different types of bias in subjects with dementia as compared with normal controls.

In a surprising finding, we did not note that subjects with dementia had increased errors in the presence of a novel distractor. When subjects with pAD were asked to bisect lines, they were not distracted by the presence of a person standing near the stimulus. This is similar to the effect reported by Drago et al. \[[@B26]\], who implemented two types of distraction, a bottom-up meaningless condition and a top-down condition requiring the participant to name the color of the lateral distractor. Their meaningless, bottom-up condition, similar to our distractor condition, consisted of a light placed lateral to the line without specific response relevant to the participant. They observed that in the top-down condition, in which participants were required to name the color of the light, pAD participants made increased spatial errors in the direction of the stimulus (manifested distraction). This was attributed to difficulty with executive re-allocation of spatial attention.

However, our results, unlike those of Drago et al. \[[@B26]\], support a difference in motor preparatory spatial system processing in pAD in response to distraction. In our experiment, subjects with pAD manifested rightward 'aiming' bias at baseline, which moved leftward under conditions of leftward distraction. Thus, although left-sided distraction in our pAD subjects was not associated with any increase in 'where' bias, it was associated with leftward increases in 'aiming' bias, a phenomenon not observed in controls.

In a normal individual, the predominant response to left-sided distraction may be reallocation of perceptual-attentional 'where' spatial resources toward the left-sided spatial region in which novel stimuli appear. Motor-intentional resources relevant to 'aiming' output systems may be unaffected in the normal brain, until top-down gating releases a response. We do not know why leftward distraction may affect 'aiming' spatial systems in pAD.

It is not clear why left-sided distraction might induce changes in 'aiming' bias in subjects with dementia and pAD, rather than inducing changes in 'where' bias; however, this may be consistent with exaggerated response to top-down spatial cueing observed by Drago et al. \[[@B26]\]. It is also possible that subcortical activity induced by distracting stimuli via structures such as the superior colliculus may interact differently with spatial systems in dementia and pAD than it does in normal visual-motor function. Neurodegeneration affecting the superior colliculus in pAD \[[@B10]\] may reduce perceptual-attentional 'where' responsivity to distraction. However, the deep superior colliculus, mediating rapid action decisions on novel environmental stimuli or unexpected events, relevant in 'aiming' bias, may be less affected \[[@B27]\]. Thus, the deep, motor superior colliculus may still be responsive to input from premotor frontal lobe 'aiming' responses activated by distracting stimuli or by top-down spatial response sets \[[@B28]\]. In pAD, this may result in a response to distraction which may be manifested more by an 'aiming' motor intentional abnormality than by a 'where' perceptual-attentional allocation asymmetry. Such an asymmetry of collicular activation could be small in magnitude and not normally measurable except in sensitive testing situations such as the video line bisection task.

If an 'aiming' spatial asymmetry in pAD in response to leftward distraction reflects a small, measurable spatial environmental dependency \[[@B13],[@B29],[@B30]\], it could be a source of errors during complex spatial activities such as driving. It also might appear early in the course of pAD; thus, it is important to gain a better understanding of the mechanism of this phenomenon and how any impact on safety might be prevented, reduced, or eliminated. Drago et al.\'s \[[@B26]\] study suggests that leftward 'aiming' distraction in pAD might be increased by top-down motor cuing in the direction of a distractor, and reduced by top-down motor cuing in the opposite direction. If the deep, motor colliculus plays an important role in these errors, they might also be more marked in a body-centered than head-centered reference frame \[[@B27],[@B31]\]. Further experiments on these topics are indicated.
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###### 

'Where' error

  Distraction type   'Where' error pAD, mm   'Where' error controls, mm
  ------------------ ----------------------- ----------------------------
  Left side          −0.6                    −1.4
  None               −1.2                    −0.8
  Right side         −0.9                    −0.55

###### 

'Aiming' error

  Distraction type   'Aiming' error pAD, mm   'Aiming' error controls, mm
  ------------------ ------------------------ -----------------------------
  Left side          0.1                      −0.5
  None               1.5                      −0.15
  Right side         1.75                     −0.4
